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FOREWORD 

This technical report is a preprint of two manuscripts 

which have been accepted by the Journal of Geophysical 

Research for publication. 

results from airborne measurements i n  the NASA 990 air-  

craft and the second paper combines measurements taken 

i n  the aircraft with rocket measurements to identify pre-  

viously unidentified auroral  features. 

The first paper represents 

Wm. G. Fastie 
Principal Investigator 



Some Spectrometric Results f rom the 

NASA 1968 Airborne Auroral Expedition 

ABS TR.AC T 

Spectrophotometer measurements taken aboard NASA's 196 8 

Airborne Auroral Expedition included numerous weak auroral  fea- 

tures.  

ra t io  to  the N 

auroral  conditions. 

vary in intensity relative to  4278. 

and may be used as an indicator of precipitating electron energy chang- 

es. The continuum at 6700 2 w a s  found to  have a value< 1 / 2  R / X  

in an a r e a  through which an arc had recently passed. A technical 

report  wi l l  shortly be available giving more details of resul ts  at  the 

disposal of other experimenters. 

The permitted 0 1  line at 4368 .k) w a s  found to  have an intensity 

+ 
1NG (0 , l )  band at 4278 a of 1:60 under a variety of 2 

The forbidden NI line at 3466 2 w a s  seen to 

Its variation follows 01  6300 8, 



I N T R O D U C T I O N  

During t h e  p e r i o d  January-March 1968,  an Ai rborne  

A u r o r a l  E x p e d i t i o n  w a s  f lown aboard  NASA's Convair  9 9 0  

a i rc raf t  'Galilee.' The i n s t r u m e n t s  used by t h e  Johns  

Hopkins U n i v e r s i t y  group c o n s i s t e d  o f  a one-meter s cann ing  

Eber t  s p e c t r o p h o t o m e t e r  and a f i v e - p o s i t i o n  f i l t e r - w h e e l  

photometer .  These i n s t r u m e n t s  have p r e v i o u s l y  been 

d e s c r i b e d  i n  more d e t a i l  [ D i c k  e t  aZ., 1 9 7 0 1 .  The photometer  
0 0 

moni tored  t h e  f e a t u r e s  0 1  5577, 6 3 0 0  A;  N 2  1PG (5 ,2 )  6 7 0 4  A ;  
0 + 0 

N, 2PG (0 ,O)  3 3 7 1 A ;  and N2 1 N G  ( O , O )  3914 A ,  remain ing  

on e a c h  p o s i t i o n  f o r  two seconds .  The s p e c t r o m e t e r  scanned 

t h e  f i r s t  o r d e r  r e g i o n  129400-14 ,000  A e v e r y  f i f t e e n  seconds  
0 

w i t h  t h e  c a p a b i l i t y  o f  s e l e c t i v e l y  a d m i t t i n g  o n l y  second,  

t h i r d ,  or f o u r t h  o r d e r  wavelength i n t e r v a l s  t h rough  color 

g l a s s  f i l t e r s .  

were t a k e n  from t i m e s  when no such f i l t e r s  were i n  u s e .  

Most of t h e  r e s u l t s  r e p o r t e d  h e r e i n ,  however, 

O f  t h e  1 2 4  h o u r s  f lown d u r i n g  t h i s  e x p e d i t i o n ,  some 3 0  

r e p r e s e n t e d  d a y l i g h t ,  f e r r y ,  p r a c t i c e ,  or a b o r t e d  f l i g h t s ,  

and t a k e - o f f  and l a n d i n g  t imes  e I n  a d d i t i o n ,  approx ima te ly  

28 h o u r s  were f lown under  c o n d i t i o n s  where o n l y  n i g h t - s k y  

o b s e r v a t i o n s  were p o s s i b l e .  

t i o n s  have  been p r e s e n t e d  e l sewhere  [Dick e t  aZ., 1 9 7 0 1 .  

The r ema in ing  t i m e  w a s  f lown under  a u r o r a l  c o n d i t i o n s  v a r y i n g  

from minimum d e t e c t a b l e  forms t o  p a t c h e s  w i t h  i n t e n s i t y  n e a r  

The r e s u l t s  under  t h e s e  cond i -  
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IBC 111. I t  i s  n o t  p lanned  a t  t h i s  t i m e  t o  d i g i t i z e  a l l  

t h e  r ema in ing  d a t a  ( c u r r e n t l y  s t o r e d  on ana logue  magnet ic  

t a p e ) ,  b u t  rather t o  l o o k  a t  s e l e c t e d  p e r i o d s  for s p e c i f i c  

pu rposes ,  The p e r i o d s  r e j e c t e d  f o r  i n i t i a l  s t u d y  i n c l u d e  

bo th  t h o s e  where t h e  i n t e n s i t y  i s  so  l o w  as t o  make accuracy  

o f  measurement d i f f i c u l t  even on summed a v e r a g e s ,  and t h o s e  

where f l u c t u a t i o n s  i n  i n t e n s i t y  were s i g n i f i c a n t  o v e r  a 

s p e c t r a l  s c a n  t i m e .  

I n  a d d i t i o n  t o  p r e s e n t i n g  t h e  r e s u l t s  below, one of  

t h e  pu rposes  of  t h i s  b r i e f  r e p o r t  i s  t o  make known t h e  

a v a i l a b i l i t y  of T e c h n i c a l  Report  No. 2 4 ,  NASA Research 

Grant  NGR 2 1 - 0 0 1 - 0 0 1 ,  of t h e  Johns  Hopkins U n i v e r s i t y ,  

Department of P h y s i c s .  Th i s  r e p o r t  summarizes t h e  d a t a  

for t h e  e n t i r e  e x p e d i t i o n ,  and is a v a i l a b l e  t o  anyone 

wi sh ing  t o  c o n s i d e r  t h e  d a t a  a l o n e  or i n  c o n j u n c t i o n  w i t h  

t h o s e  of o t h e r  e x p e d i t i o n  e x p e r i m e n t e r s .  
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RESULTS 

0 0 
The r e s u l t s  f o r  01  4368 A and N I  3 4 6 6  A are  from f i f t e e n  

p e r i o d s  of a u r o r a l  a c t i v i t y  chosen from t h e  t o t a l  t i m e  r educed .  

Each p e r i o d  r e p r e s e n t s  summation ove r  a p e r i o d  from 3 0  seconds  

t o  1 5  minutes  where t h e  f e a t u r e s  d i s c u s s e d  were measured 

s i m u l t a n e o u s l y .  

0 

01 4 3 6 8  A 

The p e r m i t t e d  a tomic  oxygen t r a n s i t i o n  ( 3 s  3S0 - 4p 3 P >  

a t  4 3 6 8  A w a s  c o n t a i n e d  i n  t h e  s p e c t r a l  r e g i o n  scanned.  I t s  
0 

measurement w a s  compl ica ted  by o t h e r  s p e c t r a l  f e a t u r e s  i n  

s e v e r a l  o v e r l a p p i n g  o r d e r s ,  b u t  a number of t ime-averaged 

v a l u e s  were o b t a i n e d .  The r e s o l u t i o n  w a s  between one and 

t h r e e  A ,  depending on s l i t  wid th .  Our r e s u l t s  show a r a t i o  

4278/4368 of 6 0  w i th  a s t a n d a r d  d e v i a t i o n  of 14. 

0 

Although l i t t l e  t h e o r e t i c a l  work h a s  been done i n  

g e n e r a l  on p e r m i t t e d  oxygen l i n e s ,  S t o Z a r s k i  and G r e e n  

C19671  p r e d i c t e d  t h e  i n t e n s i t y  of t h e  ( 3 s  3 S 0  - 3p 3 P )  

l i n e  a t  8 4 4 7  A f o r  v a r i o u s  i n c i d e n t  e l e c t r o n  e n e r g i e s  

and ca l cu la t ed  it  t o  be s e v e r a l  t imes as i n t e n s e  as 

0 

+ 0 
N2 1 N G  ( 0 , l )  4 2 7 8  A f o r  t h e  a tmosphe r i c  composi t ion  

chosen ( 4 5 %  N2, 4 5 %  0 ,  1 0 %  0 2 ) .  Assuming bo th  t h e  3p 3P 

and 4p 3 P  t o  be e x c i t e d  by secondary  e l e c t r o n s  c o l l i d i n g  

w i t h  ground s t a t e  01 ( 3 P ) ,  and knowing t h e  e n e r g i e s  involved  
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(11.0 e v  f o r  3p 3 P  and 12.4 ev  f o r  4p 3P), t h e  d i r e c t  

e x c i t a t i o n  rates f o r  t h e  two l e v e l s  might be expec ted  t o  

be comparable .  However, e x c i t a t i o n  i n t o  t h e  n s  ' S o  and 

nd 3D0 l e v e l s ,  fo l lowed  by cascade  e m i s s i o n s ,  may be t h e  

dominant means of p o p u l a t i n g  t h e  np 3 P  l e v e l s .  F u r t h e r ,  

t h e  4p l e v e l  has  a competing t r a n s i t i o n  a t  2 . 9 ~  t o  t h e  

4s 3 S 0  l e v e l ,  which may s u b s e q u e n t l y  r a d i a t e  a t  1 . 3 ~  t o  

f u r t h e r  p o p u l a t e  3p 3 P .  The r e l a t i v e  t r a n s i t i o n  p r o b a b i l i t i e s  

of t he  4368 A and 2 . 9 ~  l i n e s  are n o t  known, b u t  approximate 

v a l u e s  may be c a l c u l a t e d  u s i n g  t h e  method of Bates and 

Damgaard C194.91. These c a l c u l a t i o n s  g i v e  A(2,9p)/A(4368) Q 5 .  

(A f u r t h e r  t r a n s i t i o n  a t  4 . 6 ~  t o  3d 3D0 i s  s m a l l  compared 

t o  b o t h  2 e 9 ~  and 4368.) T h i s  would set  a lower l i m i t  of 

1(8447)/(4368) = 5 i f  comparable p o p u l a t i o n  rates are assumed. 

Th i s  i s  comparable w i t h  a r a t i o  o f  6 determined  p h o t o g r a p h i c a l l y  

by Petrie and Small CI.9531. 

0 

Data from a r o c k e t  f l i g h t  (4.162) i n d i c a t e  an upper  

l i m i t  f o r  1(8447)/1(4278) of 0 . 1  ( T .  D .  Pa rk inson ,  p r i v a t e  

communicat ion) .  Combined w i t h  t h e  above v a l u e s ,  t h i s  would 

p r e d i c t  1(4278)/1(4368) 5 5 0 .  

a p p e a r  c o m p a t i b l e ,  and i n d i c a t e  t h a t  01 8447 i s  a t  l e a s t ' a n  

order  of magnitude less i n t e n s e  t h a n  4278, (It shou ld  be 

n o t e d ,  however,  t h a t  V e g a r 8  L19611 r e p o r t e d  a r a t i o  o f  4278 

t o  4368 f rom p h o t o g r a p h i c  p l a t e s  of o n l y  abou t  20, a f a c t o r  

of 3 lower t h a n  t h a t  r e p o r t e d  h e r e , )  

These r e s u l t s  t h e r e f o r e  a l l  
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0 

NI 3466 A 

Eather  C19691  r e p o r t s  t h e  o b s e r v a t i o n  of enhanced 

a u r o r a l  01  6 3 0 0  A emis s ions  i n s i d e  t h e  normal a u r o r a l  o v a l ,  
0 

and n o t e s  t h a t  t h i s  a g r e e s  w i t h  s a t e l l i t e  measurements of  

low energy  a u r o r a l  e l e c t r o n s .  Our o b s e r v a t i o n s  of 6 3 0 0  

showed t h e  same c h a r a c t e r i s t i c s .  S ince  t h e  f o r b i d d e n  

a tomic  n i t r o g e n  l i n e  ( 4 S  - 2P) a t  3466 A w a s  i n  o u r  s p e c t r a l  
0 

scan  r a n g e  ( i n  f o u r t h  o r d e r ) ,  w e  dec ided  t o  see i f  t h e  r a t i o  

3 4 6 6 / 4 2 7 8  a l s o  i n c r e a s e d  i n  t h e  same r e g i o n .  However, t h e  

weak 3466 f e a t u r e  cou ld  n o t  a c c u r a t e l y  be  measured on a 

s u f f i c i e n t  number o f  occas ions  i n  t h e  weak a u r o r a s  i n  t h e  

' s o f t  a u r o r a l  zone '  t o  produce  meaningfu l  r e s u l t s .  What 

w a s  p o s s i b l e ,  however, w a s  t o  c o n s i d e r  t h e  r a t i o  3 4 6 6 / 4 2 7 8  

under  a l l  a u r o r a l  c o n d i t i o n s ,  and compare wi th  6 3 0 0 / 4 2 7 8 .  

The r e s u l t s  are shown i n  F igu re  1. (It  should  be no ted  

t h a t  t h i s  i s  r e a l l y  e q u i v a l e n t  t o  p l o t t i n g  3466 v s .  6 3 0 0 ,  

bu t  p l o t t i n g  t h e  r a t i o  wi th  4 2 7 8  bo th  a l l o w s  p r e s e n t a t i o n  on 

a l i n e a r  s c a l e  and r e t a i n s  t h e  concept  of i t s  u s e f u l n e s s  as 

an e l e c t r o n  energy  i n d i c a t o r . )  I n  g e n e r a l ,  t h e  h igh  ratios 

were o b t a i n e d  from weaker a u r o r a l  forms, and a r e  less  a c c u r a t e  

t h a n  t h o s e  wi th  lower r a t i o s .  From t h e  g raph ,  a v a l u e  of 

I ( 3 4 6 6 ) / 1 ( 6 3 0 0 )  1 / 1 8  i s  o b t a i n e d .  
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1 I I 
I 2 3 

Fig. 1. Spectral intensity ratios of 3466 and 6300 with respect to  4278. 

Al though 3466 i s  a weaker f e a t u r e  t h a n  6300 (and 

t h e r e f o r e  more d i f f i c u l t  t o  measure a c c u r a t e l y ) , +  it h a s  t h e  

advantage  of n o t  b e i n g  a f e a t u r e  of  t h e  n i g h t  sky.  It w a s  

o f t e n  found d i f f i c u l t  t o  assess t h e  a i r g l o w  6 3 0 0  c o n t r i b u t i o n  

when there  had been con t inuous  a u r o r a l  a c t i v i t y  d u r i n g  t h e  

f l i g h t ,  a l t h o u g h  f o r  t h e  p o i n t s  used i n  F i g .  1 ( r e p r e s e n t i n g  

6 3 0 0  i n t e n s i t i e s  v a r y i n g  from 2 0 0  t o  2 2 0 0  R), t h e  u n c e r t a i n t y  

i n t r o d u c e d  was less  t h a n  1 0 % .  F u r t h e r ,  s p e c t r o m e t e r  s t u d i e s  

' Note t h a t  t h e  

3466 i s  approx ima te ly  

quantum e f f i c i e n c y .  

i n c r e a s e d  a tmospher ic  a t t e n u a t i o n  a t  

o f f  set by i n c r e a s e d  p h o t o m u l t i p l i e r  
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of s p e c t r a l  f e a t u r e s  i n  t h e  u l t r a v i o l e t  have i n  3466 an  

i n d i c a t o r  of p a r t i c l e  e n e r g i e s ,  and thercAfore need n o t  be 

supplemented by measurements of 6300. U n f o r t u n a t e l y ,  l i t t l e  

i s  known q u a n t i t a t i v e l y  about  quenching of N I  (2P) by atmos- 

p h e r i c  s p e c i e s  Le$. Hunten and McEZroy > 1 9 6 6 ,  and Z i p f ,  19691. 

0 

Continuum a t  6 7 0 0  A 

Donahue e t  aZ. E19701 s u g g e s t  t h a t  t h e  h i g h  measured 

N O  d e n s i t y  i n  a n  a u r o r a l  form may be  t h e  r e s u l t  of l a r g e  4- 

NO d e n s i t i e s  a t  a u r o r a l  l a t i t u d e s .  T h i s  could  lead  t o  t h e  

exothermic  r e a c t i o n  

NO + 
J( 

0 * NO2 

wi th  subsequent  cont inuum r a d i a t i o n  [cf. S t e w a r t ,  1 9 5 7 1 .  

While t h e  q u a n t i t a t i v e  a s p e c t s  of  t h i s  p r o c e s s  have n o t  y e t  

been f u l l y  de t e rmined  ( E .  C. Z i p f ,  p r i v a t e  communicat ion) ,  

it is u s e f u l  t o  e s t a b l i s h  a n  upper  l i m i t  t o  observed  

continuum e m i s s i o n  i n  t h e  a u r o r a l  zone. 

S i n c e  t h e  s p e c t r o m e t e r  had no s h u t t e r  t o  p rov ide  

z e r o - l i g h t  s i g n a l  l e v e l s ,  d i r e c t  continuum measurement 

was i m p o s s i b l e .  Also, when t h e r e  was s i g n i f i c a n t  a u r o r a l  

a c t i v i t y  > any  cont inuum l e v e l  would be overwhelmed by 

s p e c t r a l  f e a t u r e s ,  n o t a b l y  NZ 1PG bands.  Our procedure  

w a s  t o  choose  a p o i n t  of l o w  a c t i v i t y  which had ea r l i e r  

seen  a more a c t i v e  a u r o r a ,  w i t h  t h e  r equ i r emen t  t h a t  t he  

second o r d e r  f i l t e r  w a s  i n  t h e  spec t romete r .  We t h e n  sub-  

t r a c t e d  t h e  N2 1PG ( 5 , 2 )  band i n t e n s i t y  as measured by t h e  
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s p e c t r o m e t e r  from t h e  t o t a l  s i g n a l  s een  th rough  t h e  pho- 

tometer band-pass .  T h i s  w a s  done f o r  a p o i n t  ( - 6 7 O N ,  57OW 

geomagnet ic )  c r o s s e d  t w i c e  d u r i n g  f l i g h t  2 0 ,  app rox ima te ly  

a n  hour  e l a p s i n g  between p a s s e s .  On t h e  f i r s t  p a s s ,  a u r o r a l  

a c t i v i t y  w a s  ~1 kr (5577). On t h e  second,  nea r -a i rg low 

l e v e l s  were r e a c h e d .  The measured N, 1PG accounted  for 

on ly  o n e - t h i r d  t h e  t o t a l  i n t e n s i t y  s e e n  th rough  t h e  i n t e r -  

f e r e n c e  f i l t e r ,  t h e  remain ing  g i v i n g  a l e v e l  s l i g h t l y  l e s s  

t h a n  1 R / A .  The minimum s i g n a l  s e e n  through t h i s  f i l t e r  

under  n o n - a u r o r a l  c o n d i t i o n s  for t h e  e n t i r e  e x p e d i t i o n ,  

i n c l u d i n g  l o w - l a t i t u d e  f l i g h t s ,  was 2 /3  R / A .  Hence a 

c o n s e r v a t i v e  estimate f o r  an  upper  l i m i t  t o  a continuum 

c o n t r i b u t i o n  from NO, 

0 

0 

Jr would be 1 / 2  R / X  a t  6700 1. It 

remains  t o  b e  s e e n  whether  t h i s  l i m i t  i s  l o w  enough t o  

make an  estimate on t h e  maximum NO d e n s i t y  i n  t h e  a u r o r a l  

r e g i o n s .  ( R e s u l t s  from t h e  1 9 6 9  A i rbo rne  Auro ra l  Expedi- 

t i o n ,  o b t a i n e d  d i r e c t l y  wi th  modi f ied  equipment ,  con f i rm 

t h i s  upper  l i m i t . )  

0 

N,' 4278, 4 2 3 6  A 

Because of t h e  e x p e r i m e n t a l  r e s u l t s  of Moore and 

Doering C19691 on t h e  v i b r a t i o n a l  e x c i t a t i o n  of N, by 

c o l l i s i o n s  w i t h  l o w  energy i o n s ,  t h e  r a t i o  of t h e  N, 1NG 

bands ( 0 , l )  a t  4278 A and (1,2) a t  4236 A w a s  de te rmined  

for t h o s e  t imes i n  t h e  e x p e d i t i o n  when t h e r e  w a s  enhanced 

4- 

0 0 

H emis s ion .  The v a l u e s  o f  t h e  r a t i o  N , + / H  o f  Eather  

C19681 and o f  H / H  of Eather C19691 were adopted  i n  
cc B 

O l B  
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de te rmin ing  when t h e r e  w a s  a s i g n i f i c a n t  p r o t o n  induced  

c o n t r i b u t i o n  t o  t o t a l  a u r o r a l  i n t e n s i t y .  No ev idence  w a s  

found of t h e  r a t i o  4236/4278 r i s i n g  above t h e  l e v e l  of 

0 . 1 4  quoted  by Moore and Doering E 1 9 6 9 1  f o r  p r o t o n s  w i t h  

e n e r g i e s  3 3 K e V .  

F I N A L  REMARKS 

The f u l l  i m p l i c a t i o n s  of  t h e  i n t e n s i t y  v a l u e s ,  and 

v a r i a t i o n s  i n  t h o s e  v a l u e s ,  of t h e  f e a t u r e s  01 4368 and 

NI 3466 h e r e i n  r e p o r t e d  are  n o t  assessable a t  t h i s  t i m e .  

The n e c e s s a r y  l a b o r a t o r y  and /o r  t h e o r e t i c a l  d a t a  needed 

t o  re la te  them t o  o t h e r  f e a t u r e s  i n  t h e i r  r e s p e c t i v e  

sys t ems ,  and t o  t h e  incoming p a r t i c l e  e n e r g e t i c s ,  are  n o t  

a v a i l a b l e .  The r e s u l t s  f rom t h i s  e x p e d i t i o n ,  p rov id ing  

s imul t aneous  coverage  of n e a r l y  t h e  e n t i r e  accessible 

s p e c t r a l  r a n g e  by t h e  s e v e r a l  expe r imen ta l  g roups ,  may 

p r o v i d e  a s o u r c e  for d a t a  w i t h  which t o  compare f u t u r e  

proposed a u r o r a l  mechanisms. 

The p r e v i o u s l y  mentioned t e c h n i c a l  r e p o r t  l i s t s  a l l  

s p e c t r a l  f e a t u r e s  i d e n t i f i e d  from t h e  e x p e d i t i o n  r e c o r d s .  

Many., such  as  the NP V K  (3 ,151  band a t  4534 A ,  are  iden-  
0 

t i f i a b l e  on ly  on t he  m o s t  i n t e n s e  s c a n s ,  where r a p i d  

f l u c t u a t i o n s  ( less  t h a n  t h e  1 5  sec. scan  t i m e )  make 

q u a n t i t a t i v e  i n v e s t i g a t i o n  imposs ib le .  The i n t e n s e  f e a t u r e s  

c l e a r l y  e v i d e n t  are  l i s t e d  i n  Tab le  I .  The t o t a l  number of 

i d e n t i f i e d  f e a t u r e s  exceeds  4 0 .  
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TABLE 1. S t r o n g e s t  F e a t u r e s  i n  t h e  Spec t rometer  Scan Ranges 

h (8, 
3136 

I d e n t i f i c a t i o n  

N, 2 P G  ( 2 , l )  

3159 N, 2PG ( l , O )  

3371 N 2  2PG (0,O) 

3466  N I  ' S o  - 2Po 

4 2 3 6  N,' 1 N G  ( 1 , 2 )  

4278 N2' 1 N G  ( 0 , l )  

6300, 6 3 6 4  01 3P - 'D 
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Tentative Identification of Several 

Bands in Auroras 1 +  1 N2 c' C + a  
U g 

ABSTRACT 

1 +  1 Tentative identification of two bands of the N c '  -, a 
2 U g 

system has been made from aurora l  spectrometer results.  The (0,O) 

band at  2827 a w a s  identified on a spectrum taken aboard an Aerobee 

sounding rocket (4 .163)  flown from Fort  Churchill in February, 1967. 

The (0 ,2)  band at  3119 

during the NASA 1968 Airborne Auroral Expedition. 

w a s  found on some averaged spectra taken 

Estimates of the 

intensities of these very weak bands show each t o  be - ( .2  - .5)% as 

intense as the N second positive system. 2 



Observational Evidence 

A half-meter Ebert spectrometer was flown aboard an 

Aerobee.150 sounding rocket into an active aurora at Fort 

Churchill on February 16, 1967. Although the photomulti- 

plier signal became noisy during flight, a good scan of the 

region A X  2200 - 3400 A was obtained when the rocket was at 0 

-90 km during ascent. Features clearly present included 

members of the Av = 1 and 2 sequences of the N2 second 

positive group and the (0,7), (0,6), (O,5) and (0,4) bands 

of the N2 Vegard-Kaplan system. 

of d 4  A, the 2PG bands exhibited red peaks, degraded to the 

violet, while the VK bands appeared broad. The most obvious 

feature not associated with either of the above systems was 

a peak at 2 8 2 7  A. While this wavelength coincided with the 

(O,O) band of the system previously referred to as the 

35371 an'' progression ( c  ' Z  + a 'II) of the Gaydon-Herman 

singlet systems, there seemed little justification in as- 

signing this identification on the basis of the one band, 

especially since other bands of the Gaydon-Herman systems 

were not observed. Figure 1 shows a portion of the spectrum 

traced from a strip-chart record. Large noise spikes have 

been removed, Where it was not possible to judge the signal 

level below these noise spikes, gaps have been left in the 

tracing e 

With spectral resolution 
0 

0 



2 

I I L I I I I 1 I I I I I I 

2 8 0 0  2 9 0 0  3 008 

Fig. 1. Segment of the socket spectrum from -2740 - 2990 8. 
have been removed (see text). 

Large noise spikes 
Peak intensity at 2972 8 i n  -1.2 kR. 

A recent investigation of the electron energy-loss 

spectrum of N2 [WiZZiams and Doer ing ,  19691 shows a peak 

at 12.93 eV. A similar study under higher energy resolu- 

tion [ G e i g e r  and S c h r z d e r ,  19691 shows this peak to con- 

sist of components at 12.910 and 12.934 eV, with the latter 

accounting f o r  -75% of the energy-loss. In fact, the 12.935 

eV component is several times as large as any other feature 

in the energy-loss spectrum in the region 12.50 - 14.86 eV. 
This level has recently been re-designated C 9  'C (v = 0) 

by DressZer  c19691. On the basis of these results, it be- 

comes reasonable to expect that bands originating from this 

level would be stronger than those originating from other 

progressions of the Gaydon- erman systems. 

+ 
u 
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In order to make the observation of the (0,O) band 

convincing, however, it is also necessary to account for 

the lack of observation of the (0,l) and (0,2) bands in the 

spectrum. These bands have laboratory intensities of at 

least one-half that of the (0,O) band [ P e a r s e  and Gapdon, 

19631. The (0,l) band at 2967 A lies close to the 01 2972 A 0 0 

line and on the Av = 2 sequence of N2 2PG. 

served intensity of the (0,O) band is at least an order of 

Since the ob- 

magnitude less than the 01 - 2PG (2,O) combination, the 
2967 A band would not be evident on this spectral scan. 

The ( 0 , 2 )  band at 3119 R lies within 2 A of the peak of 

0 

0 

the 2PG ( 3 , 2 )  band, and would not be resolved. Further 

members of the v' = 0 sequence lie further to the red, 

where the rapidly decreasing quantum efficiency of the 

Cs-Te photomultiplier tube would preclude observation. 

Thus it becomes reasonable to expect that, of the 
\ 

various bands collectively attributed to the Gaydon-Herman 

systems, only the (0,O) band of the + 
c p  'Eu * a 'II system 

g 

would be observable on this spectral scan. 

During NASA's 1968 Airborne Auroral Expedition, a 

one-meter Ebert spectrometer was flown which normally scan- 

ned the spectral region nX = 12,400 to 14,000 A Ccf. Dick 
0 

et aZ., 19701. Under active auroral conditions, this 

spectrometer was usually operated without its optional 

order-sorting glass color filters. The usual data-reduction 
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procedure has been to sum a series of spectral scans over 

times of fairly constant auroral conditions during which 

instrument parameters such as slit width and signal gain 

were kept constant. During the longest such time (early 

in flight 22) a very clean spectrum was obtained under slit 

conditions corresponding to a fourth order resolution of 

slightly less than 2 A at 3118 A. This spectrum exhibits 
0 0 

a clear shoulder to the red of the peak of the 2PG (3,2) 

band at 3116.7 A ,  at a wavelength of -3119 A. Of course, 

this feature could arise from 4157 A or 6238 A ,  the over- 

0 0 

0 0 

lapping third and second order wavelengths respectively. 

While the author is not aware of any reported auroral 

features at either of these wavelengths, it is acknowledged 

that the same argument used herein to assign the feature 

to a previously undetected emission at 3119 A could equally 

be used to support some new line or  band in either of the 

0 

other orders. The detection of this feature alone could 

not be used to justify an identification of emissions from 

the Gaydon-Herman system, but in this instance provides 

corroborative evidence to the band assignment suggested by 

the rocket data. Figure 2 shows a portion of the summed 

spectra e 

The only other bands of the sequence in the spectral 

range of the aircraft spectrometer are the (0,3) band at 

3283 As well as probably 

being less intense than the (0,2) band, the (0,3) lies on 

and the (0,4) band at 3463 im 

emissions of the Av = 3 sequence of N2 1PG in second order, 
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+ while the (O,4) lies on the EJ2 

again the back of identification of these other bands does 

not jeopardize the identification of the (O,2) band. 

Meineb (3,O) band. So here 

The intensity of the ( 0 , O )  band from the rocket spec- 

trum is estimated to be between 1/4 and 1/2 that of the 2PG 

(3,1) band. The ( O , 2 )  band is estimated to be between 1/5 

and 1/3 as intense as the 2PG (3,2) band. Since each of 

these 2PG bands contains -1% of the intensity of the total 

2PG [Benesch  e t  aZ., 19661 the bands reported here appear 

to be & ( . 2  - -51% as intense as the 2PG. 

P- cu 
ts 
+tu 
d 

r - 

Fig. 2. Segment of the summation of 256 spectral scans ear ly  i n  flight 22, 
Integrated intensity of 4278 .!? is -1. 3 kR. 
wavelength of 4278 .8 is attributable to N 1PG emission. 2 

Structure to longer 
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Comments 

While t h e  ev idence  p r e s e n t e d  above cannot  be c o n s i d e r e d  

U g 
c o n c l u s i v e  i n  e s t a b l i s h i n g  t r a n s i t i o n s  i n  t h e  c' ' E c +  -+ a 'TI 

sys tem as a u r o r a l  f e a t u r e s ,  t h e  d e t a i l s  are c o n s i s t e n t ,  and 

s u f f i c i e n t  t o  s u p p o r t  t e n t a t i v e  i d e n t i f i c a t i o n  of t h e  bands.  

The o n l y  p r e v i o u s  r e p o r t  of e m i s s i o n s  a r i s i n g  from t h e s e  

s i n g l e t  s ta tes  of N 2  is  t h a t  of MiZZer e t  aZ. [19681 which 

t e n t a t i v e l y  i d e n t i f i e s  a band of t h e  Bi rge-Hopf ie ld  sys tem 

and one of t h e  Watson-Koontz sys tem.  A l l  t h e s e  i d e n t i f i c a -  

t i o n s  of emis s ions  a r i s i n g  f r o m  t h e  s i n g l e t  s ta tes  i n d i c a t e  

t h a t  t h e i r  p a r t  p l a y e d  i n  b a l a n c i n g  an a u r o r a l  energy  bud- 

ge t  i s  s m a l l .  However, i n  l i g h t  of t h e  above i d e n t i f i c a t i o n  

and t h e  e l e c t r o n  e n e r g y - l o s s  spec t rum,  it would be i n t e r -  

e s t i n g  t o  know t h e  i n t e n s i t y  of t h e  C' 

band a t  958 .2  A. 

+ 
0 
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